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ABSTRACT 
A four-year study, using 116 fall-born calves per year, was conducted to evaluate the 
integration of intensive stocking of both cool- and warm-season grass pastures with dry lot 
finishing. Four treatments were assigned on May 1st of each year respectively: 1) calves 
directly into the feedlot (DF); 2) calves stocking bromegrass pasture until early July and then 
moved to feedlot (JC); 3) calves stocking bromegrass pasture until mid-June at which time 
they were moved to warm-season pastures, until returned to the cool-season pasture from 
mid-August to October when they were placed into the feedlot (OW); 4) calves stocking 
bromegrass pasture until October and then moved to feedlot (OC). Each treatment consisted 
of 28 calves except for the OW treatment, which had 32 steers while on pasture. Cool-season 
pastures were divided into 24, 1.7 acre paddocks while the warm-season pastures consisted 
of 16, one-acre paddocks. Individual steer weights were obtained in 28 day intervals and 
daily DMI was recorded throughout feedlot finishing. Steers were fed to 1250 lb and 
harvested at which time carcass measurements were obtained. Treatment did not influence 
pasture (P>0.97) or feedlot gains (P>0.37) for the JC, OC, and OW treatments. The DF steers 
had higher overall ADG (P<0.001) and lower feedlot daily DMI (P<0.03) compared to the 
OW treatment. Furthermore, treatment did not have a significant influence on carcass 
characteristics. Using 10 year averages for purchase price, live and carcass price, and feed 
ingredient prices, the DF, JC, and OC treatments were the most profitable and the OW 
treatment was least profitable (P<0.001). These results indicate that both cool- and warm-
season pastures, provided to cattle for varying lengths of time prior to feedlot finishing, do 
not negatively affect carcass composition, and that cattle that are fed on a cool-season pasture 
Vlll 
is an economical alternative to direct placement of cattle into feedlot finishing programs. 
CHAPTER 1. INTRODUCTION 
Ruminants are valuable to sustainable agriculture systems because of their ability to 
convert resources, such as improved and unimproved pasture forages and crop residues, into 
edible food products for human consumption. Furthermore, the meat products derived from 
ruminant livestock production are of higher quality with a greater biological value than 
protein from feedstuffs. Ruminants take advantage of forage production on approximately 
25% of the potentially arable land to minimize water and soil erosion (Oltjen and Beckett, 
1996). Cool-season grasses, generally utilized as the main component of livestock grazing 
systems, typically exhibit a period of declined productivity or dormancy in mid-summer 
when conditions become unfavorable for vigorous growth. Warm-season grasses found in 
the central United States produce most of their growth after late spring and are able to reach 
subsoil water reserves with their deep, fibrous root systems to produce large amounts of high 
quality forage during mid-summer (Hintz, 1995). 
Consumers are becoming more aware of the perceived human health benefits of 
"pasture-raised" beef products, however, consumers are not likely to be regular purchasers of 
these products unless the taste, freshness, juiciness, tenderness, appearance, and value of the 
products are consistently assured (Davis et al. 1981; Pirog, 2004). Without grain, the final 
product typically has a poor eating quality and Jess than desired beef flavor (Hedrick et al., 
1983), and carcasses from pasture fed cattle are discriminated against by packers due to their 
lower dressing percentage and quality grade, and higher cooler shrinkage (Schroeder et al. , 
1980). Thus, this experiment was designed to evaluate live performance, carcass 
composition, and production economics of beef steers intensively grazing cool- and warm-
season grass pastures prior to feedlot finishing. 
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CHAPTER 2. LITERATURE REVIEW 
Sustainable Agriculture 
Although there are varying definitions for describing sustainable agriculture, there is 
consensus from agriculturalists that as the worlds' human population continues to grow at a 
rapid pace, sustainable agriculture is important and necessary for the survival of our 
biosphere (Heitschmidt et al., 2004). Ikerd (2002) stated that sustainable agriculture must be 
economically viable, socially responsible, and ecologically sound. Quoting Ikerd (2002), 
"The economic, social, and ecological components are interrelated, and all are essential to 
sustainability. An agriculture that uses up or degrades its natural resource base, or pollutes 
the natural environment, eventually will lose its ability to produce. It's not sustainable. An 
agriculture that isn't profitable, at least over time, will not allow its farmers to stay in 
business. It's not sustainable. An agriculture that fails to meet the needs of society, as 
producers and citizens as well as consumers, will not be sustained by society. It's not 
sustainable. A sustainable agriculture must be all three: ecologically sound, economically 
viable, and socially responsible. And the three must be in harmony". Heitschmidt et al. 
(1996) defined sustainable agriculture as ecologically sound and practiced continually for 
eternity. 
An ecosystem can be defined as an assembly of organisms and their chemical and 
physical environment in which there are defined boundaries (Heath et al. , 1985). Ecosystems 
contain four necessary components. There are three biotic (living) components: producers, 
consumers, and decomposers, and one abiotic (non-living) component, which are things 
associated with the environment such as climate, organic compounds, and soils (Heath et al. , 
1985). An ecosystem is dependent on the energy derived from one of two types of food 
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chains, detrital and grazing (Heitschmidt et al, 1996). A detrital food chain consists of 
primary producers (i.e. green plants) being consumed by decomposers as the primary 
consumer. A grazing food system consists of primary producers being consumed by primary 
consumers (i.e. herbivores) or by secondary consumers (i .e. carnivores). The four food chain 
pathways are shown in Figure 1. 
Ruminants play an integral part in sustainable agricultural systems because of their 
ability to digest plant cellulose. Ruminants can utilize forages found on rangeland and 
pastures from land that is highly erodable or too unproductive to cultivate crops. Thus, 
ruminants can add value to these lands by producing a high quality protein source for human 
consumption, while helping to sustain soil in its organic state (Oltjen and Beckett, 1996). 
Prirrary producers (i.e., green plants) 
! 
Prirrary consumers (i. e. , herbi uores) 
i 
CATTLE y 
Secondary consumers ( i. e. , cami vores) 
! 
PEOPLE 3/ 
Decomposers (i.e., omnivores) BACTERIA & FUNGI 
Figure 1. Schematic diagram of four potential food chains (Heitschmidt et al., 1996) 
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Intensive Grazing 
Proper grazing management is important for productive pasture. Plant and animal 
stocking rates are critical to ensuring that grass forage is growing at maximum potential 
(Ackerman et al., 2001). Adjusting management for growing season and weather are also 
factors that can greatly impact the plant development and subsequent productivity. Pastures 
grazed too early can lead to premature leafremoval, hindering the plants' ability to 
photosynthesize efficiently (Heath et al., 1985). However, in pastures that are under-grazed, 
noxious weeds can become more prevalent, thus decreasing potential yield. Furthermore, 
root and foliage diseases are also more prevalent in under-grazed pastures due to increased 
insect and rodent infestations. Intensive, or rotational stocking systems, allow animals to 
graze pastures that are heavily stocked for short periods of time followed by a physiological 
plant recovery period. This system reduces plant damage, increases plant health, and 
decreases selective grazing while allowing for more effective consumption of forage by the 
animal (Heath et al., 1985; Parsons and Allison, 1991). 
The shape of the paddock is important for maximizing the most efficient use of the 
pasture, while minimizing fencing costs. Square paddocks are the most economical to build 
and have been shown to allow the most efficient use of pasture as cattle tend to consume the 
forage in a more timely manner while reducing trampling (Henning et al., 2000). Figure 2 
represents calculations used to determine the number of paddocks, acres required per 
paddock, total acres used per grazing cycle, stocking rate, and stocking density. 
Bertelsen et al. (1993) reported 40% greater body weight gains per hectare with 
significantly higher stocking rates for heifers in rotationally stocked paddocks when 
compared to continuous stocked pastures, suggesting that beef production may be improved 
Number of 
paddocks 
Acres required per 
paddock 
Total acres required 






days of grazing 
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weight per hd x % DMI x number ofhd x days per paddock 
DM per acre x % utilization 
number of paddocks x acres required per paddock 
number of animals to be grazed 
total acres grazed 
number of animals grazing on a paddock 
paddock size 
Figure 2. Grazing mathematics (Henning et al., 2000) 
with rotational stocking. A comparable study utilizing both four and eight-paddock 
rotational stocking systems showed an increase of 112 lb of beef per acre over continuous 
stocking systems for the four paddock system and 127 lb per acre over continuous stocking 
for the eight-paddock system (Henning et al., 2000). Mathews et al. (1994) reported that 
stocking rates are improved per hectare of pasture in rotational stocking systems when 
heifers are grazed for shorter durations than rotational stocking systems with longer grazing 
periods or continuous stocking. In another study, yearling steers placed in rotational stocking 
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systems had greater pasture gains compared to continuous stocking systems due to an 
increase in stocking density, however, the continuous grazing treatment showed greater total 
body weight gains (Hafley, 1996). 
Intensive grazing systems have also been shown to be more profitable. A study 
conducted by Hanson et al. (1998) showed that dairy farms in the Northeastern United States 
utilizing moderate and extensive grazing practices resulted in returns to management and 
owner equity that were higher for pasture enterprises than com silage and hay production 
enterprises. Dartt et al. (1999) conducted a similar study comparing the profitability of 
management-intensive grazing (MIG) to conventionally managed dairies in Michigan and 
showed that MIG dairies were more profitable by being more efficient in asset use, operating 
practices, and labor use. Another study completed by Glay et al. (2002) determined that 
farmers incorporating grazing systems into their dairy operations were as profitable if not 
more profitable than farmers that did not utilize grazing systems. A study comparing three-, 
12-, and 24-paddock grazing systems on the performance of beef cow-calf and stocker cattle 
showed that the three paddock system returned $84.36 above pasture, animal, and interest 
cost, while the 12- and 24-paddock systems returned $115.43 and $117.74, respectively, 
suggesting that profitability is increased with added paddocks (Henning et al., 2000). 
Intensive pasturing systems can help reduce costs associated with manure 
management systems. White et al. (2001) provided a study that demonstrated that the 
percentage of deposited excrement was highly correlated with the amount of time the animals 
spent in each respective area (i.e. pasture grazing, feeding, and milking etc.), and that 
rotationally stocked cattle distributed manure more evenly within the paddocks. Methane 
gas, which is produced by the fermentation process in ruminants, has been partially attributed 
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to global warming trends. A study conducted by DeRamus et al. (2003) showed that cattle 
emitted less methane gas (CH4) per kilogram of beef gain when the animals are a part of 
management-intensive grazing systems, compared to continuous stocking systems. 
Cool-Season Grasses 
Cool-season grasses or C3 plants are classified as such because of their ability to have 
efficient photosynthesis in temperatures less than 28°C. Thus, they are most productive in 
temperate climates during the early and late parts of the growing season. During the light 
reactions of photosynthesis, ATP and NADPH are formed and are used to convert C02 into 
hexoses and other compounds. The dark reactions of photosynthesis fix the C02 by an 
abundant enzyme ribulose 1,5-biphosphate carboxylase I oxygenase (Rubisco ), which is 
located on the stromal surface of the thylakoid membrane in chloroplasts, to form two 
molecules of 3-phosphoglycerate. Three-phosphoglycerate is then reduced to form hexose 
sugars for metabolism by the plant (Berg et al., 2002). 
Smooth Bromegrass 
There are approximately 60 species in the genus Bromus in which smooth bromegrass 
(Bromus inermis Leyss.) is the most heavily utilized of the cultivated bromegrasses in the 
United States. Smooth bromegrass is a leafy, tall-growing, sod-forming cool-season 
perennial that is well-suited to survive periods of drought and severe temperatures while 
being adaptable to many soil types (Heath et al., 1985). The most productive periods for 
smooth bromegrass production occur during early spring, late spring to early summer, and 
again in late fall periods when there is adequate moisture. Smooth bromegrass is a drought-
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resistant perennial which can grow up to four feet tall and plant roots may reach a foot or 
more in diameter producing a dense sod (Jurgens, 1997). Moreover, smooth bromegrass has 
been shown to be an effective grass in helping to reduce soil sediment run-off and water 
shedding (Fasching and Bauder, 2001). 
Smooth bromegrass is a highly palatable forage for ruminants, but has a faster rate of 
protein disappearance during digestion in the rumen when compared to switchgrass and big 
bluestem suggesting that smooth bromegrass is a more ruminally degradable forage 
(Redfearn et al., 1995). Mitchell et al. (1996) reported that at least 80% of the digestible 
nitrogen of smooth bromegrass was ruminally degradable. A study conducted by Blasi et al. 
( 1991) showed that protein escaping degradation for smooth bromegrass and big bluestem 
was estimated to range from 7.0 to 14.5% for smooth bromegrass and 22.2 to 30.3% for big 
bluestem. Smooth bromegrass contains between 4 and 20% crude protein on a DM basis 
depending upon the maturity and fertilization (Jurgens, 1997). 
Warm-Season Grasses 
Warm-season grasses, or C4 plants, have an advantage over C3 plants in that they can 
survive in hot climates under high illumination because they conserve C02 at the site of the 
Calvin cycle allowing for Jess oxidation ofribulose 1,5-bisphosphate (Berg et al., 2002). The 
C4 pathway is shown in Figure 3. The order of events is as follows: 
1) Transport of C02 starts in the mesophyll cell with the condensation of C02 and 
phosphoenolpyruvate to form oxaloacetate in a reaction called phosphoenolpyruvate 
carboxylase. 
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Figure 3. C4 light-independent reactions (Koning, 1994) 
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2) Oxaloacetate is converted into malate (a 4-carbon molecule) by an NADP+ linked 
malate dehydrogenase. 
3) Malate goes into the bundle sheath cell and is oxidatively decarboxylated within the 
chloroplasts by an NADP+ linked malate dehydrogenase. 
4) Released C02 enters the Calvin cycle by condensing with ribulose 1,5-bisphosphate. 
5) Pyruvate formed through this decarboxylation returns to the mesophyll cell. 
6) Phosphoenolpyruvate (PEP) is formed from pyruvate by pyruvate-Pi dikinase. 
Thus, photorespiration is mostly eliminated because the C4 mechanism is efficient at 
saturating the bundle sheath with C02, limiting the amount present when light is abundant 
and minimizing the energy loss caused by photorespiration (Berg et al., 2002). 
Warm-season grasses have greater temperature and drought tolerance and are more 
productive during the summer months of July and August in the Midwestern United States 
compared to cool-season grasses (Jurgens, 1997). Warm-season grasses are most productive 
on fertile, well-drained soils if they are provided with an adequate moisture supply (Barnhart, 
1994). 
Animal performance is often greater than expected when cattle are placed on warm-
season grasses, based on available forage quality, because warm-season grasses are more 
slowly degraded in the rumen allowing for more amino acids to reach the small intestine, 
thus increasing the metabolizable protein fraction (Redfearn et al., 1995). Barnhart (1994) 
reported that steers intensively grazing switchgrass pastures during mid-summer gained more 
weight (1.45 lb/day vs 1.38 lb/day) when compared to steers grazing smooth bromegrass by 
continuous stocking during the same time period. It has been reported that the digestibility 
differences between cool- and warm-season grasses are associated with differences in 
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parenchyma bundle sheath cells of warm season grasses (Redfearn et al., 1995). Other 
factors that inhibit the digestibility of warm-season grasses include lignin content of the leaf 
blade, leaf sheath, and stem components (Hintz, 1995). Moreover, the carbohydrate fraction 
in the cell wall is greater in warm-season grasses. Comparatively, starch is the reserve 
polysaccharide in warm-season grasses which is different from cool-season grasses that store 
fructans (Galloway et al., 1990). 
Nitrogen fertilization greatly influences the DM yield and stand density of warm-
season grasses. Barnhart (1994) reported that the tons per acre of switchgrass ranged from 
1.83 - 2.82 without nitrogen and up to 5.26 when 201 lb of nitrogen was applied per acre to 
the soil. Crude protein percentage and percent in-vitro DM disappearance also had marked 
improvement with the inclusion of nitrogen. 
Big Bluestem 
Big bluestem (Andropogon gerardii Vitman), a tall-bunchgrass that can grow up to 
six feet in height and occurs with or without rhizomes, is found extensively on loamy soils in 
the central prairies of the United States (Heath et al., 1985). Big bluestem has wide leaves 
(5-10 mm wide) and is an erect perennial bunchgrass which produces a reddish-purple blade 
at maturity and contains between 4% to 11 % crude protein on a DM basis (Jurgens, 1997). 
The growing point stays close to the ground until late summer and seed heads appear in 
August and September (Barnhart, 1994). 
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Switch grass 
Switchgrass is considered to be a first choice among farmers incorporating a warm-
season grass for the first time because it is less expensive and is more easily established than 
big bluestem (Barnhart, 1994). Switchgrass is a coarse-stemmed broad leaved perennial that 
can grow up to five feet tall and spreads slowly, due to short rhizomes, producing a coarse 
sod. The immature stage of development produces leaves and stems that have good forage 
value and can be readily grazed by livestock. Leafy re-growth develops from basal shoots 
emerging along the lower stems at leaf nodes during the growing season. Palatability and 
nutrient contents of switchgrass tend to decline rapidly soon after heading of the plant 
(Barnhart, 1994). Switchgrass contains between 3% and 11 % crude protein on a DM basis 
depending on the season (Jurgens, 1997). 
Ionophores 
It has long been recognized by producers that ionophores have significantly improved 
the efficiency by which ruminant livestock is produced. Ionophores are antimicrobial 
compounds that work by targeting specific ruminal bacteria populations altering the 
microbial ecology of the intestinal micro biota resulting in an increased carbon and nitrogen 
retention by the animal. Ionophores cause the dissipation of ion gradients and uncouple 
energy expenditures from growth of susceptible bacteria by transporting ions across cell 
membranes killing the bacteria (Callaway et al., 2003). The molecular structure of monensin 
is shown in Figure 4. 
Feeding ionophores such as monensin, lasalocid, laidlomycin, salinomycin, and 
narasin to ruminant animals improves ADG, feed conversion, helps control coccidiosis, 
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Figure 4. Structural formula of monensin sodium salt (Alexis Biochemical. 2004) 
improves energy metabolism, and increases milk production in lactating animals (Duffield 
and Bagg, 2000; Callaway et al., 2003). In addition to the aforementioned benefits, 
ionophores have been shown to reduce digestive disorders such as acidosis and bloat by 
modulating feed intake and providing stability to ruminal fermentation which allows the 
animal to consume a high concentrate diet (N agaraja et al., 1998). The advantages from 
feeding an ionophore may come as a result from an increase in the ratio of propionate to 
acetate, methanogenesis reduction, and the inhibition of proteolysis and deamination 
(Williams, 2000). 
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A meta-analysis was conducted on performance data from nearly 16,000 head of 
cattle to evaluate the effects of monensin. The data showed that cattle fed diets containing 
monensin compared to cattle fed diets without monensin gained 1.6% faster, consumed 6.4% 
less feed, required 7.5% less feed per 100 kg gain, and produced carcass characteristics that 
were not significantly different from cattle fed diets without ionophore (Goodrich et al., 
1984). 
Parrott et al. (1990) reported that the inclusion of monensin at levels between 50 and 
200 mg/head increased ADG in a linear fashion during dosage titration pasture trials. 
Another study conducted by Broderick (2004) reported that monensin increased ruminal 
propionate concentration and decreased the concentration of acetate and butyrate and the 
ratio of acetate to propionate in ruminally cannulated cows, however, there was no evidence 
that showed that the inclusion of monensin at 250 mg/head per day improved nitrogen 
utilization by reducing ruminal catabolism. Bohnert et al. (2000) conducted one experiment 
to evaluate the effects of steers supplemented with laidlomycin on growth performance, and a 
second experiment which supplemented laidlomycin and monensin to evaluate ruminal 
nitrogen metabolism. The researchers concluded that laidlomcyin improved ADG and feed 
efficiency and net NH3 and a-amino nitrogen degradation from microbial activity was 
decreased. Furthermore, laidlomycin and monensin, specifically, did not affect the extent of 
soybean meal crude protein degradation in the rumen but did decrease amino acid 
deamination. 
Koknaroglu (2001) conducted a three year study involving fall- and spring-born 
calves intensively stocking cool-season grass pasture prior to feedlot finishing in which 
monensin blocks were supplied during the grazing periods. It was reported that cattle 
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receiving the monensin treatment tended to gain faster than non-monensin treatment groups. 
A similar study was conducted by Boucque et al. (1988) in which lasalocid was fed during 
the grazing period, the finishing period, or sequentially in both periods. Results showed that 
the inclusion oflasalocid greatly increased daily gain from 0.6 to greater than 0.7 kg without 
affecting the grazed area per animal. Growth rate during the finishing period, as well as 
when used subsequently throughout both periods, was enhanced with the use oflasalocid. 
Imp Jan ts 
Performance benefits from the use of growth promoting implants is one of the most 
cost effective methods, outside of proper nutrition, in improving cattle gain and feed 
conversion while enhancing protein accretion and reducing fat deposition (ZoBell et al., 
2000; Montgomery et al., 2001). In addition, implants are valuable tools in controlling 
reproductive activity in feedlot heifers (Kniffen et al., 1999). Implants have been used safely 
and effectively for over 30 years in beef production, providing a minimum return on 
investment from 5: 1 to upwards of 10: 1 when used properly (ZoBell et al., 2000). 
There are two main types of implants: estrogenic and androgenic that can be used 
either alone or in combination with one another (ZoBell et al., 2000; Montgomery et al., 
2001 ). Table 1 contains the FDA approved list of anabolic implants for use in cattle. 
Estrogenic implants function by increasing the circulating levels of somatotropin and insulin-
like growth factor- I (IGF-I), which are substances used by the animal to produce fat, muscle, 
and bone. Trenbolone acetate, the androgenic substance, functions by increasing the levels 
ofIGF-I, but does not seem to stimulate the production of somatotropin and decreases the 
normal Joss of muscle tissue in non-active animals. Growth promotant release can vary from 
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Table 1. Growth promotants approved for use in cattle (Montgomery et al., 2001) 
Ingredient Dosage, mg Trade name Suitable beef group 
Single ingredient implants 
Estradiol" 25 .7 Compudose 200f Steers and heifers 
43.8 En co reg Steers and heifers 
Zeranol• 36 Ralgroh Cattle 
72 Ralgro Magnumh Steers 
Trenbolone acetateb 140 Component T-Seg Steers 
200 Finaplix-Hi Heifers 
Component T-Heg 
Combination ingredient implants 
Synovex-Ci Estradiol benzoatebd 10 Steers and heifers 
Progesteronec 100 Component E-Ceg 
Imp I us-Cg 
Estradiol benzoate•d 20 Synovex-si Steers 
Progesteronec 200 Component E-Seg 
lmplus-Sg 
Estradiol benzoate•d 20 Synovex-Hi Heifers 
Testosterone propionateb 200 Component E-Heg 
Implus-Hg 
Estadiol" 24 Revalor-Si Steers 
Trenbolone acetatec 120 Component TE-Seg 
Estadiol• 14 Revalor-Hi Heifers 
Trenbolone acetateb 140 
EstadioJ• 16 Revalor-ISi Steers 
Trenbolone acetateb 80 
Estadiol• 8 Revalor-IHi Heifers 
Trenbolone acetateb 80 
Estadiol• 8 Revalor-Gi Steers and heifers 
Trenbolone acetateb 40 Component TE-Geg 
Estradiol benzoate•d 20 Revalor-200i Steers 
Trenbolone acetatec 200 
Estradiol benzoate•d 28 Synovex Plusi Feedlot steers and heifers 
Trenbolone acetateb 200 
•Estrogen group. 
b Androgen group. 
cProgestin group. 
dEstradiol benzoate contains 71.4% estradiol as calculated on formula weight (Herschler et al. , 1995). 
eAvailabe with Tylosin Tartate at 29 mg (Tylan; Elanco Animal Health, Indianapolis, IN). 
rElanco Animal Health. 
svet life (Winterset, IA). 
hSchering Plough (Madison, NJ). 
iintervet Inc. (Flemmington, NJ). 
iFort Dodge Animal Health (Overland Park, KS). 
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approximately 75 days for Ralgo® to 200 days for Compudose®, thus stage of production and 
animal type largely determine the proper implant scheme to use (ZoBell et al., 2000). 
There is general consensus that the use of implants, particularly those that contain 
estrogen, have negative effects on carcass quality. Several studies have indicated that cattle, 
regardless of time spent on pasture prior to feedlot finishing, had a lower percentage of 
USDA Choice and Prime carcasses (Mader et al., 1994; Samber et al., 1996; Foutz et al., 
1997), and shear forces on steaks tended to be greater when compared to non-implanted 
controls (Samber et al., 1996; Foutz et al., 1997). Schoonmaker et al. (2001) studied the 
effects of implant (aggressive vs non-aggressive) and weaning (early vs normal) regimens on 
feedlot performance and carcass characteristics of steers. Implant regimen did not have an 
effect on DM intake or quality grade, but the aggressive implant regimen decreased yield 
grade compared to the non-aggressive implant strategy. 
Feeding cattle longer may alleviate carcass composition issues associated with 
implants. A study conducted by Hermesmeyer et al. (2000) measured the performance of 
yearling steers in the feedlot fed two levels of intake (restricted or ad libitum) and three 
implant strategies: Revalor-S® (120 mg trenbolone acetate, 24 mg estradiol benzoate), 
Synovex-Plus® (200 mg trenbolone acetate, 28 mg estradiol benzoate), or no implant 
(control) at two levels of subcutaneous fat endpoints: 1.0 cm or 1.4 cm. The implant 
response in restricted-fed steers was nearly as great as steers fed ad libitum, and feeding 
steers longer to increase subcutaneous backfat from 1.0 cm to 1.4 cm resulted in increased 
carcass quality grade, which may improve profitability since restricted fed cattle fed to an 1.0 
cm subcutaneous backfat endpoint resulted in a 15% reduction in cattle grading USDA 
Choice or higher. 
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Compensatory gain 
Compensatory growth in animals is considered to be a period of more efficient 
growth following a period of growth restriction that occurs during times when the animal is 
subjected to environmental, nutritional, and health challenges. Often in the cattle industry, 
the change in ownership will cause the expression of compensatory growth allowing for 
various segments of the industry to capitalize on this phenomenon (Drouillard and Kuhl, 
1999). Producers can use the concept of compensatory growth as a management practice to 
reduce the cost of production specifically when cattle come into the feedlot from grazing 
pastures or cornstalks (Sindt et al., 1993; Drouillard and Kuhl, 1999). Under this scenario, 
producers forego animal performance during grazing in order to feed a more efficient animal 
during the finishing phase when input costs are greater (Drouillard and Kuhl, 1999). 
Knoblich et al. (1997) investigated the effects of intake restriction and programmed intake 
increases on feedlot performance and carcass characteristics of crossbred steers. The 
researchers found an overall reduction in total feed fed, lower feed costs, less feed spoilage in 
the bunk, and increased feed efficiency for steers that were fed a stepwise intake strategy 
compared to steers fed ad libitum. Furthermore, steers reached market weight in the same 
number of days and had equivalent quality grades compared to steers allowed ad libitum 
access to feed. 
Measuring compensatory growth on an empty body versus a full body basis is 
necessary in order to eliminate bias from differences in gut fill. Research conducted by 
Carstens et al. (1991) measured carcass and non-carcass tissue growth by observing cattle 
during continuous and compensatory growth following diet restriction. Compensatory 
growth treatment steers had a 0.38 kg/day improvement (1.54 vs 1.16) in growth rate 
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compared to continuous growth steers from 325 to 500 kg of body weight. Moreover, 
compensatory growth steers had 10.8 kg less gut fill prior to re-alimentation and 8.8 kg more 
than continuous growth steers at 500 kg of bodyweight. Compensatory growth steers also 
had a lower percentage of empty body fat (24.2% vs 32.4%) and a higher percentage of 
empty body protein (16.6% vs 14.8%) compared to continuous growth steers. The 
investigators concluded that net energy for growth could be reduced for compensating steers, 
and changes in gut fill accounted for much of the compensatory growth response. These 
results are consistent with research conducted by Sainz et al. (1995) and Choat et al. (2003) 
in which steers fed a restricted diet followed by a non-restricted diet exhibited greater 
compensatory gain response, mainly due to increase DMI, and that the restricted and re-fed 
steers had lower percentages of subcutaneous fat and higher percentages of internal fat 
compared to steers without restriction. 
Changes in hormonal status and the interrelationship of empty body protein and fat 
have been reported in compensating cattle. A study conducted by Hayden et al. (1993) 
examined crossbred steers assigned to either a forage-based energy restricted diet (2.13 Meal 
ME/kg) or a non-restricted diet (2.76 Meal ME/kg) which was fed for 92 days. Steers were 
acclimated to a high energy diet (3.02 Meal ME/kg) of whole-shelled com grain and com 
silage for 88 days following the restricted period and fed to a standard body fat endpoint 
before slaughter. The researchers found that plasma levels of thyroxine (T4), 
triiodothyronine (T3), reverse triiodothyronine (rT3), IGF-I, insulin, and glucose, as well as 
accretion of empty body protein and fat, were decreased in restricted energy steers compared 
to non-restricted steers. Plasma urea nitrogen, nonesterified fatty acid and growth hormone 
levels were increased in restricted energy steers compared to non-restricted steers. The 
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period ofre-alimentation for restricted energy steers showed that the levels of T4, T3, rT3, 
IGF-1, and insulin were positively correlated with empty body protein and fat while growth 
hormone was negatively correlated compared to non-restricted fed controls suggesting that 
the changing plasma metabolites favor protein accretion during compensation. However, 
restricted fed steers did not have discemable body composition differences compared to non-
restricted controls when fed to a standard fat endpoint. 
Consistent with the results on protein accretion rates during periods of compensatory 
growth, Rossi et al. (2001) investigated steers fed a 13% CP ad libitum diet for 134 days, 
steers limit fed either a 16% CP diet or a 10% CP diet, to achieve a predicted gain of 1.13 
kg/d for the first 85 days, followed by a 13% CP diet fed ad libitum for the remaining 49 
days. The researchers found from re-alimentation to day 134, the limit fed steers had greater 
protein accretion rates, ADG, and feed conversion compared to steers that were allowed ad 
libitum access to a high CP diet. 
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CHAPTER 3. MATERIALS AND METHODS 
Treatments 
A four-year study was conducted at the Western Iowa Research and Demonstration 
Farm near Castana, Iowa, starting in April 1999 and concluding in April 2003, to evaluate the 
differences between intensively stocked steers placed on cool-season grass pasture or cool-
and warm-season grass pasture prior to drylot finishing. Steer calves were purchased from 
the Stuart Ranch near Caddo, Oklahoma in order to minimize genetic variation and pre-
conditioning differences among calves. The Stuart Ranch was also chosen because they had 
a cow herd large enough to accommodate the selection of a large group of fall-born calves 
used for the study. The calves were mainly crossbred, with their parentage breed 
composition being Hereford and Angus x Hereford cows mated to either Angus or Hereford 
bulls. Calves were given their calfhood vaccinations and backgrounded at the Stuart Ranch 
prior to arrival at the research farm. Steers were transported on a possum-belly trailer for 
approximately 12 hours and delivered on April 20, 1999, April 25, 2000, April 24, 2001, and 
April 23, 2002 in the first, second, third, and fourth years of the study respectively. Calves 
were acclimated to their environment by being fed mid-bloom alfalfa hay (2 % of body 
weight) and 0.5 gram per head per day of chlortetracycline (Aureo S 700®, 4 grams per lb), 
fed at the rate of 0.125 lb per animal, which was top dressed on the hay each morning. 
Calves consumed the acclimation diet ad libitum after the first seven days, however, grain 
levels were increased slowly. Furthermore, amprolium (Corid®) was provided in the water, 
for the first five days of acclimation, at the rate of 10 mg per kilogram of body weight per 
day to help control coccidiosis. On the day prior to the initiation of the study for each 
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respective year, cattle were ear-tagged with an identification number and provided another 
ear tag impregnated with insecticide (Cutter Blue®). Cattle were implanted with 24 mg 
estradiol 17(3 (Compudose®), injected with ivermectin I clorsulon (Ivomec® Plus) to control 
internal and external parasites, and randomly sorted into four treatment groups. Cattle were 
randomized so that weight and animal color were uniformly distributed among four 
treatments and four replications within treatment. The average start weight for the first, 
second, third, and fourth years were 460, 435, 446, and 447 lb, respectively. During the first 
week of July each year, a second insecticide ear tag was provided to the cattle. 
Testing commenced on May 4, 1999, May 9, 2000, May 8, 2001 and May 7, 2002. 
Treatment one, in which calves were placed directly in a feedlot (DF), consisted of 28 steers 
in a block of four adjacent lots containing seven steers per lot. Treatment two consisted of 28 
steers rotated on cool-season grass pasture, paddocks 1-16 (Appendix A), as a group and 
moved to the feedlot on July 13, 1999, July 4, 2000, July 3, 2001, and July 2, 2002, 
respectively, and into their original assigned lots of seven steers (JC). Treatment three 
consisted of 28 steers rotated on the same cool-season grass pasture, paddocks 1-16, as a 
group and moved to the feedlot on October 1, 1999, October 3, 2000, October 2, 2001, and 
September 24, 2002, respectively, and into their original assigned lots of seven steers (OC). 
Treatment four consisted of 32 calves rotated on cool-season grass pasture, paddocks 17-24, 
as a group and moved to warm-season grass pasture with two steers per paddock and rotated 
on all sixteen paddocks, on July 13, 1999, June 13, 2000, June 13, 2001, and June 18, 2002, 
respectively (OW). The cattle were moved back to the same cool-season grass paddocks (17-
24) on August 19, 1999, August 15, 2000, August 14, 2001, and August 13, 2002, 
respectively, and allowed to graze until moved to the feedlot for finishing on October 1, 
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1999, October 3, 2000, October 2, 2001, and September 24, 2002, respectively. To control 
for uniform treatment group size in drylot, one steer from each lot of eight steers from the 
OW treatment group was randomly selected and removed from the study at the time of 
feedlot entry. Refer to Appendix A for a flow diagram outlining the finishing systems. 
The feedlot facility was a partially open steel shed that secured the northern exposure 
and faced south containing 16 equally sized pens, measuring 87 feet long by 14 feet wide and 
provided 23 feet of overhead shelter. The floors and bunks were made of concrete and the 
bunks were fence-line in fashion on the south end of each pen providing each steer with 
approximately 21 inches of bunk space. In addition, there was an automatic waterer placed 
within the fence-line of two adjoining pens providing the steers with a continuous fresh water 
supply. 
Once the steers entered the feedlot, they were slowly conditioned over a four to six 
week period to an 82% concentrate diet consisting of a mixture of whole shelled com, ground 
alfalfa hay, molasses, and a natural based protein-vitamin supplement containing monensin 
(Rumensin®, Table 2). The amount of feed fed was determined prior to the morning feeding 
based on visual appraisal of the feed bunks. Feed levels were increased if approximately one 
half of the feed bunks of each treatment group were empty. When the animals reached an 
average weight of approximately 800 lb, the natural-based protein supplement was switched 
to a urea-based supplement, and at approximately 100 days before slaughter steers were re-
implanted with 24 mg estradiol and 120 mg trenbolone acetate (Revalor® -S). 
The cool-season grass pasture, composed of smooth bromegrass, was approximately 
41 acres in size, subdivided into 24, 1. 7-acre paddocks. The outer perimeter of the pasture 
was enclosed with five strands of barbed wire, and the paddocks were constructed using 
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Table 2. Composition of finishing ration fed to steers in the feedlot 
Cool- Cool-season Cool-season and warm-
Direct to season grass season 
feedlot grass through grasses 
through October• through July" October• 
Feed ingredient 
---------------------------% of total DM--------------------
Com grain 74.78 75.58 73.57 73 .54 
Mid bloom alfalfa hay 20.55 19.86 22.49 22.52 
Custom mixed protein supplementbc 2.22 2.02 1.66 1.67 
Molasses 2.45 2.55 2.28 2.26 
•Treatments had free choice access to a trace mineralized salt block while on pasture containing 400 mg/lb 
monensin and a minimum of 4.7% Ca, 4.0% P, 16.6% NaCl, 0.2% Mg, 1.5% K, 140 ppm I, 1,000 ppm Cu, 
13.3 ppm Se, 4,000 ppm Zn, 100,000 JU/lb Vitamin A, 25,000 JU/lb Vitamin D, and 25 JU/lb Vitamin E. 
bSoybean meal based protein supplement fed to steers until they weighed 800 lb. Contained 44% CP soybean 
oil meal, dicalcium phosphate, 2.4% Ca, 20.9% Mg, 12.0% Zn, 6.6% Fe, 4.4% Mn, 1.32% Cu, 0.3% I, 0.23% 
Co, 2,000,000 JU/lb Vitamin A, and 60g/lb monensin. 
curea based protein supplement fed to steers from 800 lb until marketing. Contained 281 % CP urea, 
limestone, 2.4% Ca, 20.0% Mg, 12.0% Zn, 6.6% Fe, 4.4% Mn, 5.0% S, 1.32% Cu, 0.3% I, 0.23% Co, 
2,000,000 JU/lb Vitamin A, and 60g/lb monensin. 
metal T-posts and braided five-wire electric cable. Nitrogen was applied to the bromegrass 
pasture each year in late April at the rate of 100 lb per acre and again in mid August at the 
rate of 80 lb per acre. Each treatment group placed on bromegrass pasture had access to one 
paddock, and steers were rotated on the pastures every three to four days early in the season 
when grass was abundant, and every two days later in the season when growth is Jess 
vigorous. 
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The warm-season grass pasture was approximately 16 acres in size, subdivided into 
one-acre paddocks. The warm-season pasture was constructed of the same fencing materials 
as the cool-season pasture. Nitrogen was applied in late April at the rate of 40 lb per acre. 
Steers were placed two to a paddock and rotated every two weeks while on warm-season 
pasture. 
For both cool-season and warm-season pastures, steers were allowed to graze ad 
libitum and had access to mineral blocks containing monensin (Rumensin®). 
Steers were weighed individually, without shrink, at approximately 28-day intervals 
throughout the length of the study during each year. The amount of daily DM fed to the 
steers was determined by obtaining a com and hay sample, prior to being loaded onto the 
feed-wagon, approximately every four days. The samples were weighed, placed in a 
convection oven (Campbell Scientific) at 221°F for a minimum of 48 hours, and re-weighed. 
The percent DM for each ingredient was then multiplied by the daily feed delivered to 
determine the amount of total DM fed to each pen. 
Carcass Processing 
When the pen average for the steers weighed 1250 lb, the cattle were transported to 
Tyson Fresh Meats beef processing plant in Denison, Iowa for procurement, which was 
located approximately 32 miles from the research farm. Steers were transported in a possum-
belly trailer the night before slaughter and placed in holding pens until 0530 the next 
morning. Steers were stunned using captive bolt and eviscerated allowing USDA officials to 
inspect and record liver abscesses. Carcasses were chilled in blast coolers for 24 hours prior 
to being split at the l21h rib allowing for backfat and ribeye area measurements. In addition, 
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USDA grading personnel estimated percentage kidney, pelvic and heart fat, and called the 
USDA yield and quality grades. Quality grades were estimated to the nearest one-third of a 
grade and were converted to a numerical value. Refer to Appendix B for USDA quality 
grade conversion. 
Economic Analysis 
In order to eliminate potential bias from seasonal price volatility, values for animal 
and feed components used in the economic calculations were based on 10 year averages from 
years 1994 to 2003. All values for feeder cattle, live finished cattle, carcass grades, com, and 
hay were obtained from the Chartbook prepared by John Lawrence, Iowa State University 
extension economist (Lawrence, 2004). A budgeting worksheet was used as a template for 
calculations, and was derived from the 2004 Livestock Enterprise Budgets for Iowa by Gary 
May, Iowa State University extension associate, and William Edwards and John Lawrence, 
Iowa State University extension economists (May et al., 2004; Appendix C). 
Feeder cattle price was obtained using the Oklahoma City medium framed 500-600 lb 
index obtained from the Chartbook. Purchase price was determined by multiplying initial 
steer weight by the 10 year average feeder cattle price. Likewise, live finished cattle price 
was determined by multiplying the final steer weight by the 10 year average Nebraska live 
steer price index obtained from the Chartbook. To account for price differences caused by 
variation in carcass quality, individual carcass price was established by taking the hot carcass 
weight and multiplying it by the 10 year average beef price for either Choice or Select 
depending on the quality grade of each animal. It was assumed that 100% of the money spent 
to purchase the cattle was borrowed and the interest rate used was 10%. Thus, interest on 
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cattle was determined by taking the value of purchase price multiplied by 10% and 
multiplying the product by the number of days the steers were owned divided by 365 days. 
Corn and hay price was determined using the price paid to Iowa farmers obtained 
from the Chartbook. Natural and urea based protein supplement price used was obtained 
from actual prices paid throughout the trial period. Molasses price was obtained from 
Feedstuffs magazine, a weekly agribusiness publication, using the price for Kansas City. 
Feed costs were determined by multiplying the 10 year average price for each feed ingredient 
by the amount of feed fed per feeding period and summed to obtain a total feed cost per pen. 
Variable and fixed costs were obtained using values reported from the 2004 Livestock 
Enterprise Budgets for Iowa and the variable costs included the sum of feeder steer cost, feed 
cost, improved pasture and fertilizer costs, veterinary, machinery and equipment, marketing 
and miscellaneous, labor, and interest on feed. Additional labor costs were applied to the JC, 
OC, and OW treatments to account for labor incurred while on pasture (Appendix C). 
Improved pasture costs were calculated by taking $40 per acre multiplied by the size of the 
paddock and divided by the number of steers per treatment group lot. Fertilizer costs were 
calculated by taking $20 per acre multiplied by the size of the paddock and divided by the 
number of steers per lot. Trucking costs were $24 per head and was based on $2.25 per 
loaded truck mile. Fixed costs included the sum of machinery, equipment, and livestock 
facilities . Interest for feed and other variable costs was assumed to be 10% and was 
calculated for half the days the steers were owned. 
Net income was calculated by taking the sum of variable and fixed production costs 
less gross income. Gross income was necessary so that income was adjusted to reflect a 
standard 1 % death loss. Breakeven price for live and carcass prices was calculated by taking 
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the sum of all costs per animal divided by the final steer live weight or carcass weight 
multiplied by 100. 
Statistical Analysis 
In this study, the experimental unit was the pasture of animals or pen of cattle in the 
feedlot consisting of seven steers. There were four treatment combinations each with four 
replications per year. Body weight gains and feed consumed during the feedlot phase, 
carcass characteristics, and economics for this study were fitted with a mixed linear model 
statement having year and treatment as fixed effects and the year by treatment interaction as 
a random effect. The analysis took the form of a one-way analysis of variance with three 
degrees of freedom for treatments and 60 degrees of freedom for within treatments or 
experimental error. Body weight gains during the pasture period were analyzed comparing 
the JC, OC, and OW treatments in the form of a one-way analysis of variance using four 
years as replications. Pair-wise comparisons between the treatments were made using 
Tukey-Kramer's adjustment to control the comparisonwise type-I error rate at 5%. The 
statistical computing software used to analyze the data was SAS (SAS Institute Inc., Cary, 
NC). 
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CHAPTER 4. RESULTS AND DISCUSSION 
Performance 
Steers which were stocked on grass pasture (JC, OC, and OW treatment groups) 
showed no statistical differences (P=0.98) for ADG during the pasture period (Table 3). 
These results indicate that steer perfomiance, for ADG during the pasture period, was not 
affected by the length of the grazing period or the type of pasture the steers were allowed to 
graze. 
Table 3. Least square means and SEM for cattle performance on pasture and in 
feedlot 
Cool-
Cool- Cool- season and 
Direct to season season warm-
feedlot grass grass season SEM 
through through grasses 
July October through 
Item October 
Pasture ADG, lb/day 1.35 1.38 1.36 0.14 
Feedlot ADG, lb/day 3.08 3.12 2.97 3.01 0.09 
Overall ADG, lb/day 3.o8· 2.71 b 2.31 c 2.26c 0.04 
Feedlot DDMI, lb/day 19.7ld 20.31 de 20.91 de 2 l .32e 0.45 
Feedlot DDMI, % BW 2.34a 2.28•b 2.20b 2.24b 0.02 
Feed conversion, lb feed/lb gain 6.42 6.55 7.07 7.10 0.28 
abcMeans with different superscripts in the same row are significantly different (P<0.001 ). 
deMeans with different superscripts in the same row are significantly different (P<0.03). 
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The similarity of gains reported while on pasture across treatment groups could be 
attributed to the high quality of available forage throughout the grazing period in both the 
cool- and warm-season grass pastures, and the intensive rotational grazing system used 
(Hintz, 1995; Martz et al. , 1999). The steers were stocked on cool-season pasture in early 
May and allowed to graze when the forage provided the most nutritional value. The 
similarity of gains between the OC and OW treatments shows that the cool-season pastures, 
during the typical dormant stages of July and August, provided similar nutrition to the steers. 
Also, mineral supplement blocks containing monensin were made available to the steers 
throughout the pasture period which may have contributed to the improved gains by 
increasing the amount of dietary energy available to the steers (Goodrich et al., 1984). 
There were some problems encountered when the steers were stocked onto the warm-
season pastures. First, the height of the grasses was approximately three to four feet tall 
which prevented proper air movement to the steers. As a result, three steers died in mid-July 
1999. In subsequent years, this problem was remedied by mowing the grass to a manageable 
sward height before allowing the cattle to enter the paddocks and also, steers were placed on 
the warm-season grass pastures at an earlier date. Furthermore, the stocking density of two 
steers per warm-season paddock compared to 28 steers per paddock in the cool-season 
pasture treatments, appeared to make the cattle more nervous and flighty, especially when 
approached by the herdsman to rotate the cattle into adjoining paddocks or to corral the steers 
for weighing. Steers in this small of a group routinely broke through fences and required 
more time to become acclimated to people and handling. 
Typically, warm-season grasses are less ruminally degradable than cool-season 
grasses and, therefore, provide more escape or metabolizable protein to the small intestine of 
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cattle (Karges et al., 1992; Redfearn et al., 1995). This is important because growing cattle 
need more metabolizable protein than they typically obtain from microbial derived protein 
(Hafley et al., 1993). The data from this study do not indicate that the warm-season grass 
provided the steers with increased escape protein during the grazing period compared to the 
cool-season grass. 
The pasture gain results are in agreement with Hintz (1995), Allen et al. (1996), 
Schlegel et al. (2000), and Koknaroglu (2001). In Koknaroglu's study, steers grazing 
bromegrass pastures from May through July and May through October had pasture gains of 
1.43 lb/day and 1.53 lb/day, respectively. Similar results were also obtained by Myers et al. 
(1999) comparing early weaned steers fed an ad libitum high concentrate diet to steers that 
grazed bromegrass, endophyte-infected tall fescue, and orchardgrass pastures for 82 days 
prior to being fed a high concentrate diet. In their study, four month old steers had reported 
pasture gains of 1.05 lb/day, however, they were supplemented with cracked com at 2 lb/day 
per steer. Sainz and Vernazza Paganini (2004) reported steer gains of 0.98 lb/day when 
steers grazed perennial ryegrass and orchardgrass pastures from May through September 
without supplementation. 
When the steers entered the feedlot, they gained more rapidly and had marked 
improvement in ADG compared to the ADG reported while the steers were on pasture, 
however, no statistical differences (P=0.37) were reported among the treatments (Table 3). 
Increased daily energy intake and gut capacity, rather than from compensatory growth, are 
the main reasons that the pasture cattle had improved ADG during the feedlot period 
compared to the pasture period. The compensatory growth response is well documented in 
the literature (Coleman and Evans, 1986; Carstens et al., 1991; Sindt et al., 1993; Sainz et al., 
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1995; Knoblich et al., 1997), however, the mechanism is not fully understood. A study by 
Sainz and Bentley (1997) was conducted to investigate the mechanism by which diet 
restriction and subsequent re-alimentation affected visceral organ mass and cellularity of 
tissues in beef steers. They showed dietary factors, which can influence organ size, varied 
significantly. Increased gastrointestinal mass of compensating steers was largely influenced 
by dietary fiber intake caused mainly from hyperplasia rather than from hypertrophy in 
cellular function. Conversely, the researchers found that changes in liver size, due to 
increasing nutrient absorption during the transition period, were caused mainly from 
hypertrophy rather than from hyperplasia of the cells. Another important attribute critical to 
compensatory growth is the plane of nutrition previous to re-alimentation. Drouillard et al. 
(1991) investigated the effects oflength and severity ofrestricting metabolizable protein or 
net energy for gain on compensatory growth response in beef steers. They showed that 
compensatory growth was influenced greatly by the severity of the restriction more so than 
by the length of the restriction, and that energy-deprived steers responded more favorably 
during re-alimentation than did metabolizable protein-deprived steers. 
The DF treatment had significantly higher overall ADG (P<0.0001) compared to the 
JC, OC, and OW treatments for overall ADG (Table 3). The JC treatment also had higher 
overall ADG compared to the OC and OW treatments and lower overall ADG compared to 
the DF treatment (P<0.001), however, the OC and OW treatments were not different from 
each other (P=0.66). These results show that overall gains are reduced for steers grazing 
pasture before entering the feedlot and are further reduced with increased time spent on 
pasture compared to steers placed directly into the feedlot (Dikeman et al., 1985). 
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Steers in the OW treatment exhibited increased (P<0.03) daily dry matter intake 
(DDMI) compared to the DF treatment during the feedlot period (Table 3). Steers in the JC 
and OC treatments were not different (P>O. l) from the DF and OW treatment for DDMI. 
However, steers in the OC and OW treatment groups had decreased DDMI as a percentage of 
body weight during the feedlot period compared to the DF treatment group. Cattle in the JC 
treatment did not differ (P>0.05) from the DF, OC, or OW treatment groups for DDMI as a 
percentage of body weight during the feedlot period. The reported differences between the 
DF, OC, and OW treatment groups for DDMI as a percentage of body weight during the 
feedlot period can be explained as a function of feed intake relative to the period of steer 
growth. The DF cattle were placed into the feedlot and consumed a high concentrate diet 
during the period of growth when cattle consume a greater amount of DM as a percentage of 
body weight, while the OC and OW cattle consumed grass during the same time period and 
body weight. In contrast however, the OC and OW cattle were placed into the feedlot at 
heavier weights and consumed a high concentrate diet during a period of growth in which 
DDMI as a percentage of body weight was less. Research conducted by Sindt et al. (1993) 
reported on cattle that grazed cornstalks for 74 days prior to entry into the feedlot. Cattle 
consumed 13% more feed, gained 9% faster, but converted feed 4% less efficiently than 
cattle placed directly into the feedlot. 
Steers in the OW, OC, and JC treatment groups tended towards less efficient feed 
conversions compared to the DF treatment (P>0.1; Table 3). Average daily gains favored 
cattle spending more time in the feedlot receiving a high concentrate diet and thus, feed 
conversions favored cattle spending less time in the pasture. 
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Means and standard errors of the means for initial body weight, off pasture body 
weight, final body weight, the number of days spent on pasture and in the feedlot, and the 
total days fed are reported in Table 4. Means were reported in place ofleast square means so 
the days on pasture and days in the feedlot would equal the total days fed. The variables : off 
pasture weight, days on pasture, days in feedlot, and total days fed were not analyzed 
statistically because these differences were expected. Statistical differences were not 
detected for initial weight (P>0.5) and final weight (P>0.5). 
Table 4. Means and SEM for cattle weights and days on feed 
Cool-season 




Initial weight, lb 446.52 446.15 447.37 447.82 1.23 
Off pasture weight, lb 53 7. 81 650.05 646.86 17.22 
Final weight, lb 1239.20 1248.27 1253.75 1256.87 13.18 
Days on pasture 66.75 146.25 146.25 4 .86 
Days in feedlot 258 .00 228 .50 203 .25 203 .25 4.88 
Total days fed 258 .00 295 .25 349.50 349.50 4.31 
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Carcass 
Treatment did not have an effect on hot carcass weight (HCW; P>0.4) or dressing 
percentage (DP; P>0.27; Table 5). The DF treatment had a slightly lighter final weight 
compared to the other treatments which may have contributed to their slightly lighter HCW 
and subsequently lower DP. Attempts were made to market the steers at 1250 lb, however, 
the days the steers were actually marketed were based on the availability of space at the 
processing plant. The results obtained for HCW and DP follow the same trend observed by 
Sainz et al. (2004) in which numerical increases in HCW were the result of increased body 
Table 5. Least square means and SEM for cattle carcass characteristics 
Cool-season 
Cool-season Cool-season and warm-Direct to grass season SEM feedlot grass through through July grasses October through 
October 
Item 
Final wt, lb 1239.20 1248.47 1253.75 1256.87 13 .18 
Hot carcass wt, lb 763 .90 776.37 779.41 779.24 9.98 
Dressing percentage 61.75 62 .12 62.31 62.00 0.00 
Backfat, in 0.57 0.55 0.54 0.55 0.04 
Ribeye area, in2 13.22 13.24 12.94 12.94 0.12 
Kidney, pelvic, and heart fat, % 2.32 2.26 2.35 2.27 0.16 
Yield grade 2.71 2.77 2.64 2.62 0.12 
Quality grade• 6.85 7.35 7.31 7.26 0.28 
Liver abscesses, % 3.75 2.63 1.75 5.56 0.02 
•usDA Select=6, Choice-=7, Choice=8. 
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weight when DP was not statistically different across different treatment groups. Dikeman et 
al. (1985) also did not find a difference in DP between finished cattle fed in the feedlot either 
directly or after backgrounding. 
Treatment did not have an effect on backfat (P>0.86; Table 4). This result is not 
consistent with findings from Koknaroglu (2001) who reported steers that were fed only in 
the feedlot had more backfat compared to steers that grazed pasture prior to feedlot finishing 
when finished to a standard body weight endpoint. Sainz and Vernazza Paganini (2004) 
reported that backfat is greatly increased in grazing cattle during the feedlot phase, fed to 11-
12 mm ofbackfat, regardless of the age of the cattle when they enter. Schaake et al. (1993) 
reported steers fed a high concentrate diet for 170 days in the feedlot, directly after weaning, 
and processed at 620 days of age resulted in carcasses with greater amounts of fat thickness 
over the 121h rib compared to steers grazing pasture and processed at 540 days of age, or 
steers that grazed pasture before being fed in the feedlot for 45 or 75 days and processed at 
620 days of age. 
There was slight evidence (P=0.05) of differences between the treatments for ribeye 
area (REA; Table 5). The OC and OW treatments had smaller REA compared to the JC and 
DF treatment groups (P=0.1 ), thus there was a tendency for steers spending more time on 
pasture to have smaller REA. These results are in agreement with findings from Schaake et 
al. (1993), Koknaroglu (2001), and Sainz and Vernazza Paganini (2004). 
There was no evidence of differences (P>0.9) among treatments for kidney, pelvic, 
and heart fat (KPH; Table 5). These results agree with findings by Myers et al. (1999) in 
which steers grazing pasture for 82 days prior to feedlot finishing were not different in 
percent KPH fat compared to steers fed a high concentrate diet post-weaning fed to a 1.1 cm 
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standard fat endpoint. However, these results conflict with those from Schaake et al. (1993) 
who observed feedlot cattle, fed from weaning and processed at 620 days of age, had more 
percent KPH fat compared to pasture backgrounded steers fed in the feedlot for 45 or 75 days 
and processed at 620 days age or steers finished entirely on pasture and processed at 540 
days of age. A plausible explanation for the disagreement in KPH fat is related to the 
number of days the pasture backgrounded steers were fed in the feedlot. Backgrounded 
steers in Schaake's study were fed in the feedlot approximately 154 or 184 days less 
compared to the JC treatment group, and approximately 128 or 158 days less then the OC 
and OW treatment groups in this study, respectively. Thus, these data suggest that cattle 
provided more time to consume a high concentrate finishing diet had increased percentage 
KPH fat. 
There was no evidence of differences (P>0.5) among treatments for yield grade 
(Table 5). In general, the OC and OW treatments had lower yield grades compared to the JC 
and DF treatments. This trend is in agreement with Schaake et al. (1993) who reported that 
pasture finished steers had lower yield grades compared to steers that were fed entirely or 
partially in the feedlot. Williams (2000) reported conflicting results for yield grade. Steers 
grazing bromegrass and switchgrass pasture through October prior to feedlot finishing had a 
lower yield grade (P<0.05) compared to steers grazing bromegrass pasture through October 
prior to feedlot placement. 
There was no evidence of differences among treatments for quality grade (Table 5). 
Dikeman et al. (1985) studied the effects of two finishing systems on the carcass quality of 
eight month old Angus x Hereford (Ax H) or Angus x Chianina x Simmental x Hereford (A 
x C) crossbred steers. The accelerated system consisted of feeding an 85% concentrate diet 
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in a finishing phase only for 140 days to the Ax H steers and 180 days to the Ax C steers. 
The conventional system consisted of backgrounding Ax Hand Ax C steers on a 66.8% 
prairie hay and sorgum grain diet for 140 days followed by an 82% concentrate diet during 
feedlot finishing for 116 or 122 days, respectively. The accelerated and conventional system 
A x H and A x C steers were fed to a standard slaughter endpoints of 430 and 505 kg, and 
522 and 591 kg, respectively. The researchers showed that the accelerated system had less 
BF, smaller REA, and lower yield grade and quality grade scores compared to the 
conventional finishing system and the S x C cattle had lower quality grades than the A x H 
cattle. Van Koevering et al. (1995), Williams (2000), and Koknaroglu (2001) also found 
similar results. In disagreement with these results Sainz and Vernazza Paganini (2004) 
indicated that increasing the amount of days cattle are backgrounded may decrease quality 
grade when cattle are fed to a standard fat endpoint in the feedlot. Others have reported that 
consumer preference of beef fed for a period of time on pasture prior to feedlot finishing is of 
acceptable palatability, flavor, and tenderness when compared to beef fed entirely in the 
feedlot (Schaake et al., 1993; Williams, 2000; Martz, 2000). 
Treatment did not have an effect (P>0.37) on liver abscesses (Table 5) suggesting that 
in general, steers in all treatment groups had been properly conditioned to the high 
concentrate finishing diet. Liver abscesses account for 12 to 32% of all condemned beef 
livers in the United States and are usually caused as a direct result from feeding practices. 
Ruminal acidosis damages the surface of the rumen allowing bacteria, specifically 
Fusobacterium necrophorum, to enter into portal circulation and consequently being filtered 
by the liver which causes colonization of the bacteria and subsequent abscesses to occur. 
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Thus, liver abscesses from feedlot cattle not only affect economics due to lost product sales, 
but is mainly due to lost performance and carcass yield (Nagaraja and Chengappa, 1998). 
Economics 
lt was assumed that cattle received the same feeder, fed cattle, carcass, and feed 
component prices based on 10 year averages using values compiled from 1994 to 2003. 
Prices were $86.66/cwt for feeder cattle, $68.43/cwt for fed cattle, $2.27/bu for com, 
$94.41 /ton for alfalfa hay, $346/ton for soy-based supplement, $464/ton for urea-based 
supplement, and $95 .41 /ton for molasses . The 10 year average price for Choice carcasses 
was $1.13/lb and $1.05/lb for Select carcasses. Thus, each steer had a carcass price 
calculated based on the price for their respective quality grade multiplied by their HCW. 
There were eight steers that graded low Prime in this study, however, these cattle were given 
Choice carcass price because there was not an available 10 year average price index for 
Prime carcasses. The steers in this study all graded USDA low Select or higher quality 
grades. 
There were no differences among the treatment groups for purchase price (P>0.9) or 
total revenue live weight (P>0.6; Table 6). The same feeder and fed cattle prices were 
applied to the steers thus, the only variables that influenced these items was the weight of the 
steers at purchasing and marketing. These results were expected since there were no reported 
differences for initial steer weight or final steer weight. 
Carcass price (Table 6) was lower (P<0.01) for the DF cattle compared to the JC, OC, 
and OW treatment groups. This difference was due because the DF had on average a higher 
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Table 6. Least square means and SEM for cattle economic variables 
Cool-
Cool- Cool- season and 
Direct to season season warm-
feedlot grass grass season SEM 
through through grasses 
July October through 
Item October 
Feeder price, $/cwt 86.66 86.66 86.66 86.66 0.00 
Purchase price, $/head 386.97 386.65 387.71 388.09 2.10 
Fed cattle price, $/cwt 68.43 68.43 68.43 68.43 0.00 
Total revenue live wt, $/head 847.94 854.14 857.90 860.03 7.30 
Hot carcass wt, lb 763.90 776.37 779.41 779.24 6.70 
Carcass price, $/lb hot carcass wt 1.11 a l.12b 1.12b l.12b 0.00 
Total revenue carcass, $/head 845.40 871.86 873.36 87 1.09 8.10 
Total feed cost, $/head 231.Sl a 209.12b 190.6l c 192.75bc 4.84 
Com cost, $/head l 54.53a 14 J.96a 127.0lb 127.95b 3.70 
Interest on cattle, $/head 27 .31 a 3 J.23b 37.1 oc 37.13c 0.32 
Total variable cost, $/head 73 J.06a 745.25a 738.78a 775.72b 3.93 
Total cost, $/head 745.06a 759.25a 752.76a 789.82b 3.93 
Cost of gain, $/cwt 45.15• 46.50• 45 .37a 49.72b 0.53 
Breakeven price, $/cwt live 60.15• 60.87" 60.10· 62.88b 0.42 
Breakeven price, $/cwt carcass 97.54a 97.90a 96.70a 101.44b 0.76 
Profit, $/head live 94.41 a 86.36a 96.54a 61.71 b 6.00 
Profit, $/head carcass 91.89ab 103.89• 111.85. 72.66b 7.18 
abcMeans with different superscripts in the same row are significantly different at (P<0.001). 
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percentage of cattle grading USDA Select compared to the JC, OC, and OW treatment 
groups. Even though there was a statistical difference in the means for carcass price, the 
difference itself was small (1 %). This, in addition to a 10 lb lighter HCW, contributed to the 
slightly lower (P=0.052) total revenue for the DF treatment group on a carcass basis 
compared to the JC, OC, and OW treatment groups. 
Total feed costs were highest for the DF treatment (P<0.001; Table 6) . The JC 
treatment had higher feed costs (P=0.04) compared to the OC treatment, but was not different 
(P=0.09) from the OW treatment. The OW and OC treatments were not different (P>0.9) 
from each other in total feed costs. Similarly, com costs were highest for the DF treatment, 
but were not different (P=0.09) from the JC treatment. Both the DF and JC had higher com 
costs compared to the OC and OW treatments (P<0.001). However, the OC and OW were 
not different (P=0.9) from each other. These results were expected since the DF and JC were 
on feed for approximately 55 and 25 days longer compared to the OC and OW treatments, 
thus consuming more grain. 
Interest on cattle (Table 6) was significantly lower (P<0.001) for DF cattle than the 
JC, OC, and OW cattle. Interest costs of the JC cattle were also lower (P<0.001) than OC 
and OW cattle, however, the OC and OW cattle were not different (P=0.99) from each other. 
Interest on cattle was determined by purchase price and days on feed, so the differences 
between the treatment groups existed because the DF cattle were on feed in the feedlot for 
fewer days than the OC and OW treatment groups, and the JC steers were intermediate 
between the DF and OC and OW treatment groups. 
Steers from the OW treatment had the highest total variable cost (P<0.001) and total 
cost per head (P<0.001; Table 6) compared to the other treatment groups, however, the DF, 
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JC, and OC were not different (P>0.51) for either item. Total variable costs are the sum of 
purchase price, feed cost, interest, and other costs. Total costs include the sum of all variable 
costs and fixed costs. Steers in the JC and OC steers incurred expenses for the cool-season 
improved pasture and fertilizer costs while the OW steers incurred expenses for both cool-
season and warm-season pasture and fertilizer costs. Since the DF steers served as controls 
and their economics were based entirely in the feedlot, they did not incur pasture expenses. 
Steers in the OW treatment group had significantly higher (P<0.001) cost of gain per 
cwt (Table 6) than the DF, JC, and OC treatment groups. Treatment did not have an affect 
on the cost of gain between the DF, JC, and OC treatments (P>0.27). These results tend to 
agree with those found by Buchanan-Smith et al. (1995) who compared the effects of 
backgrounding with alfalfa and grass silage on the cost of gain for both spring and fall born 
calves oflarge and small frame size for 112 days prior to feedlot finishing. They reported 
that although backgrounding reduced time in the feedlot, there was no benefit in profitability 
compared to cattle without backgrounding. They did reference however, that as the cost of 
corn increased, the economic benefit of direct feedlot feeding cattle decreased. They also 
contributed the decrease in profitability of backgrounding cattle with high cost of feed used 
in the backgrounding period. 
The same trend is seen for both break even price per cwt on a live and carcass basis 
(Table 6). Breakeven price both on a live and carcass basis is significantly higher (P<0.001) 
for OW steers than DF, JC, and OC steers. Treatment did not have an affect on breakeven 
price between the DF, JC, and OC treatments (P>0.58). Dikeman et al. (1985) reported that 
cattle fed entirely in the feedlot had a lower break even live price compared to cattle that were 
backgrounded on prairie hay and sorghum grain for a minimum of 140 days prior to feedlot 
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finishing. They did indicate that the backgrounded cattle would have been more economical 
if they were fed to a lighter weight resulting in less trimable fat. 
Profit per head on a live weight basis (Table 6) followed the same trend as cost of 
gain and breakeven price. Profitability was significantly higher (P<0.001) for the DF, JC, 
and OC steers compared to OW steers. There were no differences (P>0.63) between the DF, 
JC, and OC treatment groups. In support of these results, Koknaroglu (2001) found that 
profitability on a live weight basis for cattle placed on cool-season pastures through October 
before being finished in the feedlot were not different when compared to cattle grazing cool-
season pasture through July prior to feedlot finishing or cattle that were fed entirely in the 
feedlot, when fed to 1150 lb endpoint, using 10 year averages for feed components, feeder 
and fed cattle prices. However, cattle stocking cool-season pasture through July prior to 
feedlot finishing and cattle stocking cool-season pastures through October were more 
profitable than cattle fed entirely in the feedlot using actual prices paid for feeder cattle, feed 
components, and prices received for carcasses. Profit per head on a carcass basis was the 
highest for the JC and OC steers and the lowest for the OW steers (P<0.001). The DF steers 
were intermediate not being different (P>0.24) from the JC, OC, or OW steers. The DF 
treatment had a lower mean quality grade percentage compared to the other treatment groups 
which contributed to this finding. 
The previously reported economics used 10 year averages that combined all calendar 
months in an attempt to standardized seasonal patterns, trends and cycles. Thus, a slightly 
different approach, whereby 10 year averages for the calendar month steers were purchased, 
feed components were fed, and steers were marketed, were used to account for seasonality in 
the markets that influence profitability (Table 7). Trends generally reflected those observed 
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Table 7. Least square means and SEM for seasonally adjusted economic variables for 
cattle 
Cool-
Cool- Cool- season and 
Direct to season season warm-
feedlot grass grass season SEM 
through through grasses 
July October through 
Item October 
Feeder price, $/cwt 88 .17 88.17 88.17 88.17 0.00 
Purchase price, $/head 393.68 393 .35 394.43 394.82 2.13 
Fed cattle price, $/cwt 69.08 69.28 69.28 69.28 0.17 
Total revenue live wt, $/head 855.87 864.82 868.45 870.62 7.17 
Hot carcass wt, lb 763 .90 776.37 779.41 779.24 6.70 
Carcass price, $/lb hot carcass wt 1.1 oa 1.1 oa 1.12b 1.12b 0.00 
Total revenue carcass, $/head 841.51. 857.91 ab 871.23b 869.76ab 7.73 
Total feed cost, $/head 226.71a 204.64b 191.25b 193.23b 4.87 
Com cost, $/head 149.99a 138.16ab 127.87b 128.73b 3.75 
Interest on cattle, $/head 27.78. 3 l.78b 37.74c 35.04d 0.33 
Total variable cost, $/head 733.27a 747 .84a 746.82. 780.00b 3.90 
Total cost, $/head 747.27. 761.84. 760.82a 794 .00b 3.90 
Cost of gain, $/cwt 44.59. 45.99a 45.53" 49.41 b 0.52 
Breakeven price, $/cwt live 60.33a 61.07. 60.74. 63 .22b 0.42 
Breakeven price, $/cwt carcass 97.83a 98 .23a 97.73a 101.98b 0.75 
Profit, $/head live 100.04• 94.34a 98.85a 67.92b 5.98 
Profit, $/head carcass 85 .82ab 87 .5o•b 101.70• 67.06b 7.06 
abcdMeans with different superscripts in the same row are significantly different at (P<0.03). 
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in Table 6 with the exception that profit per head on a carcass basis was intermediate for both 
DF and JC steers compared to OC and OW treatments. Values reported for profitability on 
both a live and carcass basis tended to be higher than the values reported in Table 6. 
There are many factors that influence profitability in the cattle feeding business, 
including those associated with the management within a feedlot (ADG and FE), but 
profitability largely depends on those connected outside of the feedlot such as purchase and 
marketing price, and feed costs (DiCostanzo et al. , 1996). Small changes in these factors 
have significant impact on profitability and thus, a sensitivity analysis was performed, by 
increasing and decreasing the feeder cattle, fed cattle, and com market prices 10%, to access 
the impact on live weight profitability (Table 8). 
Average profitability across all four treatment groups decreased $42.06 and $14.38, 
and increased $46.25 and $14.37 when feeder cattle and com prices were increased or 
decreased, respectively. Likewise, profitability increased $84.64 and decreased $84.64 when 
fed cattle prices were increased and decreased. These results indicate that profitability on a 
live weight basis may be most sensitive to changes in the fed cattle market. 
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Table 8. Least square means of profitability sensitivity to fluctuations in economic 
variables of cattle 
Cool-season 
Cool-season Cool-season and warm-Direct to grass through grass season feedlot through grasses July October through 
October 
Item 
Baseline $/head live 94.41 86.36 96.54 61.71 
+10 % Feeder price, $/head live 52.98 44.57 54.06 19.19 
-10 % Feeder price, $/head live 139.98 132.32 143.27 108.48 
+10 % Fed cattle price, $/head live 178.35 170.92 181.48 146.85 
-10 % Fed cattle price, $/head live 10.50 1.80 11.61 -23.44 
+10 % Com price, $/head live 78.40 71.58 83.23 48.30 
-10 % Com price, $/head live 110.41 101.13 109.85 75.12 
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GENERAL CONCLUSIONS 
Gains of steers on both cool- and warm-season pastures were not different (P>0.97) 
and was not influenced by the amount of time cattle spent grazing the pastures. The gains for 
the JC, OC, and OW cattle, during the feedlot phase were not different (P>0.37) from the 
gains of the DF steers, although the overall ADG favored (P<0.001) cattle that were fed in 
the feedlot from placement through marketing. Daily DMI (P<0.03) and DDMI as a 
percentage of body weight (P<0.001) was less for the DF steers compared to the OW steers. 
Treatment did not have an affect on HCW, DP, BF, REA, percentage KPH fat, yield 
grade or quality grade. There was a tendency (P=0.05) for the OC and OW steers to have 
smaller REA compared to the JC and DF steers. 
The OW treatment proved to be the least profitable (P<0.001) while the DF, JC, and 
OC treatment groups proved to be most economical on a live weight basis. Profitability on a 
carcass basis was intermediate for the DF steers since they had a lower percentage of Choice 
carcasses compared to the other treatments. 
These results indicate that the integration of an intensive pasturing system prior to 
feedlot finishing is an economical alternative to the traditional approach of placing cattle 
directly into the feedlot, and does not seem to negatively affect carcass characteristics. 
However, there were no added perforniance or carcass benefits exhibited for steers 
intensively stocking warm- and cool-season pastures during the same season and thus, were 
not as economical compared to the other systems. 
48 
APPENDIX A: TREATMENT AND PASTURE DIAGRAMS 
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APPENDIX B. USDA QUALITY GRADE CONVERSION 
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USDA Quality Grade Numerical Value 
Prime+ 12 
Prime 11 
Prime - 10 
Choice+ 9 
Choice 8 
Choice - 7 
Select+ 6 
Select 5 











Death loss (1%) 
Gross Income 





r 1. Corn ($2.27) 
r 2. Alfalfa hay ($94.41) 
r 3. Natural based protein supplement ($0 .17) 
4. Urea based protein supplement ($0.23) 
r 5. Molasses ($95.41 } 
Total feed costs (1+2+3+4+5) 
Other costs 








7. Machinery and equipment ($7 /hd) 
8. Marketing and miscellaneous ($16/hd) 
9. Interest on feed and other costs (10%) 
10. Labor (2 hr/hd@ $9 per hour) 
11 . Trucking ($2.25/mi loaded) 
12. Improved pasture ($40/ac) 
t3 . Pasture fertilizer ($20/ac) 
Total other costs (6+7+8+9+10+11+12+13) 
Total variable costs (Feeder cost + interest on 




lb@_$ ___ _ 
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+ other costs) $ 
-----
Income over variable costs (Gross income - total varible costs) $ 
-----
Fixed costs 
Machinery, equipment, housing ($14/ hd) $ 
Total all costs (Total variable costs + fixed costs) $ 
Income over all costs (Gross income - total all costs) Is 
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Calculation for added labor costs 
Assumptions : 
• Standard feedlot labor = 2 hr/hd 
•Cattle on feed in feedlot for 180 days 
• JC cattle on pasture for 67 days 
• OC and OW cattle on pasture for 146 days 
(Feedlot hours+ Cattle days) x pasture days = additional labor for JC, OC , and OW treatment groups 
2 
Example: JC cattle 
1.) 120 min = 0.66 min/day 180 days 
0.66 min/day = 0.33 min/day 2.) 
2 
3 . .) 0.33min!day x 67 days = 22.11 min or 0.369 hr 
4.) 0_369 hr x $9.00/hr = $3.32/hd added labor 
Example: OC and OW cattle 
1.) 120 min 0.66 min/day 180 days 
0.66 min/day = 0.33 min/day 2.) 2 
3.) 0.33min/day x 146 days 48.18 min or 0.803 hr 
4.) 0.803 hr x $9.00/hr $7-23/hd added labor 
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